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AIR/FUEL CONTROL SYSTEM AND 
METHOD 

FIELD OF THE INVENTION 

The invention relates generally to electronic air/fuel con 
trol of internal combustion engines using feedback data from 
exhaust gas oxygen (UEGO) sensor(s) positioned in the 
exhaust stream. Speci?cally, this invention relates to a 
system and method for estimating and compensating for 
systematic errors in connection With air/fuel control, par 
ticularly With respect to systematic measurement errors 
resulting from the UEGO sensor(s). 

BACKGROUND OF THE INVENTION 

Avariety of engine air/fuel control systems are knoWn in 
Which fuel delivered to the engine is adjusted in response to 
the output of one or more UEGO sensors, often to maintain 
an average air/fuel ratio at a stoichiometric value. Examples 
of such systems are disclosed in US. Pat. Nos. 5,255,512 
and 5,282,360. Such systems may also include a fuel vapor 
recovery system Wherein fuel vapors are purged from the 
fuel system into the engine’s air/fuel intake. An example of 
such a system is disclosed in US. Pat. No. 5,048,493. 
Generally in these systems, an electronic controller calcu 
lates desired air/fuel levels over time based upon certain 
engine operating parameters and system measurements. One 
such system measurement is the oxygen content in the 
exhaust stream provided as feedback data by one or more 
UEGO sensors. Based on the calculated desirable air/fuel 
level, the electronic controller provides a control signal to 
the engine’s fuel injectors to deliver a certain level of fuel to 
the engine cylinders. The control signal corresponds to a 
commanded or desirable air/fuel level. 

Anumber of systematic errors are present in such systems 
that affect the accuracy of the air/fuel levels delivered to the 
engine cylinders. That is, the collective effects of a variety 
of systematic errors in the system cause the actual air/fuel 
levels delivered to the engine cylinders to vary from the 
calculated desirable air/fuel levels. These systematic errors 
may result from certain inaccuracies of the measurements 
derived from the UEGO sensor(s), air?oW sensor(s) and 
other sensors in the system that provide feedback signals to 
the electronic controller. Also, a systematic fuel ?oW error 
resulting from variations in the level of fuel delivered by 
different fuel injectors in response to the same control signal 
may affect the accuracy of fuel delivery to the engine 
cylinders. Another type of systematic error results from 
variations in the composition of the fuel vapor and air 
mixture from the vapor recovery system. The collective 
effect of these various individual sources of error is consid 
ered the total system fuel error. 

It is desirable for the system to monitor and correct for its 
systematic errors to achieve optimal air/fuel levels. 
HoWever, even though the functional characteristics of cer 
tain system components under various operating conditions 
are predictable, until the present invention it has been 
dif?cult or impossible to correct for these systematic errors 
When using UEGO sensors because their respective indi 
vidual contributions to the total system fuel error are unde 
tectable. While it is generally knoWn, for example, that 
variations in the internal gas diffusion rates from one UEGO 
sensor to another result in measurement errors that tend to 
vary linearly With the oxygen content of the exhaust gas, the 
inventor herein has recogniZed that this knoWn operational 
characteristic can be used to correct for systematic UEGO 
sensor errors only if the UEGO errors can be apportioned 

15 

25 

35 

45 

55 

65 

2 
from the other systematic errors that comprise the total 
system fuel error. 

SUMMARY OF THE INVENTION 

An object of the present invention is to provide an 
improved system and method for controlling the air/fuel 
ratio in the system. The present invention uses statistical 
methods to estimate and account for systematic errors in the 
fuel delivery system. Speci?cally regarding the systematic 
error associated With UEGO sensors, the present invention 
uses statistical methods to estimate the portion of the total 
system fuel error that is attributable to systematic UEGO 
sensor errors based on operating parameters of the engine. 
That is, the systematic UEGO error is apportioned from the 
total system fuel error. Then, the knoWn operating charac 
teristics of UEGO sensors in general are used to correct for 
the systematic UEGO sensor errors When calculating the 
commanded or desirable air/fuel ratio to be provided to the 
engine cylinders. The statistical methods used to update the 
estimates of the errors are applied at those times When the 
engine operating conditions, and thus the parameters used in 
the statistical estimates, are varying. The present invention 
improves the system’s ability to more accurately calculate 
desired or commanded fuel levels in the engine cylinders to 
improve emission control, fuel economy, and the like. These 
and other objects and objects and bene?ts of the present 
invention Will be apparent to those skilled in the art. 

BRIEF DESCRIPTION OF THE DRAWINGS 

1. FIG. 1 is an illustration of a representative internal 
combustion engine according to a preferred embodiment of 
the invention. 

2. FIG. 2 is a ?oWchart illustrating a ?rst portion of the 
method according to a preferred embodiment of the inven 
tion. 

3. FIG. 3 is a ?oWchart illustrating a second portion of the 
method according to a preferred embodiment of the inven 
tion. 

DESCRIPTION OF A PREFERRED 
EMBODIMENT 

Fuel delivery system 11, shoWn in FIG. 1, of a conven 
tional automotive internal combustion engine 13 is con 
trolled by controller 15, such as an EEC or PCM. Engine 13 
comprises fuel injectors 18, Which are in ?uid communica 
tion With fuel rail 22 to inject fuel into the cylinders (not 
shoWn) of engine 13, and temperature sensor 132 for sensing 
temperature of engine 13. Fuel delivery system 11 has fuel 
rail 22, fuel rail pressure sensor 33 connected to fuel rail 22, 
fuel line 40 coupled to fuel rail 22 via coupling 41, fuel 
delivery system 42, Which is housed Within fuel tank 44, to 
selectively deliver fuel to fuel rail 22 via fuel line 40. 

Engine 13 also comprises exhaust manifold 48 coupled to 
exhaust ports of the engine (not shoWn). Catalytic converter 
52 is coupled to exhaust manifold 48. A conventional 
exhaust gas oxygen sensor 54 is positioned upstream of 
catalytic converter 52 in exhaust manifold 48. Engine 13 
further comprises intake manifold 56 coupled to throttle 
body 58 having throttle plate 60 therein. Intake manifold 56 
is also coupled to vapor recovery system 70. 

Vapor recovery system 70 comprises charcoal canister 72 
coupled to fuel tank 44 via fuel tank connection line 74. 
Vapor recovery system 70 also comprises vapor control 
valve 78 positioned in intake vapor line 76 betWeen intake 
manifold 56 and charcoal canister 72. 
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Controller 15 has CPU 114, random access memory 116 
(RAM), computer storage medium 118 (ROM), having a 
computer readable code encoded therein, Which is an elec 
tronically programmable chip in this example, and input/ 
output (I/O) bus 120. Controller 15 controls engine 13 by 
receiving various inputs through I/O bus 120, such as fuel 
pressure in fuel delivery system 11, as sensed by pressure 
sensor 33; relative exhaust air/fuel ratio as sensed by UEGO 
sensor 54, temperature of engine 13 as sensed by tempera 
ture sensor 132, measurement of inducted mass air?oW 
(MAF) from mass air?oW sensor 158, speed of engine 
(RPM) from engine speed sensor 160, and various other 
sensors 156. Controller 15 also creates various outputs 
through I/ O bus 120 to actuate the various components of the 
engine control system. Such components include fuel injec 
tors 18, fuel delivery system 42, and vapor control valve 78. 
It should be noted that the fuel may be liquid fuel, in Which 
case fuel delivery system 42 is an electronic fuel pump. 

Fuel delivery control system 42, upon demand from 
engine 13 and under control of controller 15, pumps fuel 
from fuel tank 44 through fuel line 40, and into pressure fuel 
rail 22 for distribution to the fuel injectors during conven 
tional operation. Controller 15 controls fuel injectors 18 to 
maintain a desired air/fuel ratio in response to UEGO sensor 
54, as Well as other input parameters. Controller 15 mea 
sures exhaust air/fuel ratio from the output of universal 
exhaust gas oxygen sensor (UEGO) 54, Which has a sub 
stantially linear relation to the actual exhaust air/fuel ratio. 
In particular, UEGO sensor 54 provides a signal that varies 
With the measured air-fuel ratio over a broad range of 
air-fuel ratios. This broad range of air-fuel ratios is generally 
much greater than that of so called EGO or HEGO sensors, 
Which change from lean to rich in less than a range of one 
air-fuel ratio. For example, the broad range of air-fuel ratios 
for a UEGO sensor can be from betWeen 9:1 to 30:1. 

Referring noW to FIG. 2, a ?oWchart of a preferred routine 
performed by controller 15 to calculate the fuel pulse Width 
signal (FPW) is noW described. Fuel pulse Width signal 
(FPW) is the signal sent by controller 15 to fuel injectors 18 
to deliver the desired quantity of fuel to engine 13. A 
determination is ?rst made Whether closed-loop air/fuel 
control is to be commenced (step 204) by monitoring engine 
operation conditions such as temperature. When closed-loop 
control commences, the desired fuel delivery (FD) is calcu 
lated by dividing the mass air flow (MAF) by the desired 
air/fuel ratio term Afd and adding feedback correction term 
Fpi and subtracting learned fuel error term EstFuelCorrec 
tion as shoWn in step 206. In step 208, the signal FD is 
converted to fuel pulse Width signal FPW representing a 
time to actuate fuel injectors 18, Which corresponds to a 
desired or commanded fuel level to be delivered to the 
engine cylinders. In step 210, signal UEGO, corresponding 
to an oxygen content in the exhaust stream, is read from 
UEGO sensor 54. The output of UEGO sensor 54 corre 
sponds to the measured air-fuel ratio in the exhaust stream 
doWnstream of the engine. The UEGO signal is corrected 
based on a Fuel Air Correction term described herein beloW 
in step 211, and subsequently processed in a proportional 
plus integral controller, as described hereinafter and as is 
knoWn in the art. 

Referring to step 212, the corrected UEGO signal is 
subtracted from signal Afd and then multiplied by a gain 
constant GI, and the resulting product is added to products 
previously accumulated (GI*(Afdi_1—UEGOZ-_1)). Stated 
another Way, the difference betWeen signal UEGO and Afd 
is integrated each sample period in steps determined by 
gain constant GI. Next, the corrected UEGO signal is also 
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4 
multiplied by a gain GP. Finally, an integral value is added 
to a proportional value, as is knoWn in the art, to generate 
fuel trim signal Fpi, Which is used to calculate desired fuel 
delivery signal FD as described above. When open-loop 
control is used, the signal FD is calculated by dividing MAF 
by the desired air/fuel ratio term Afd and subtracting learned 
fuel error term EstFuelCorrection, as shoWn in step 214. 

Referring noW to FIG. 3, a ?oWchart of a routine per 
formed by controller 15 to generate the learned fuel error 
term EstFuelCorrection used in steps 206 and 214 and the 
FuelAirCorrection term used in step 211 is noW described 
according to a preferred embodiment of the invention. The 
learned fuel error term, EstFuelCorrection, incorporates 
corrections for the systematic errors described above, 
including any systematic error associated With the UEGO 
sensor measurements. The routine of FIG. 3 is preferably 
only performed When there is sufficient variation in engine 
operating conditions, such as for example RPM and MAF. 
Also, the system’s purge How is preferably modulated 
during execution of this portion of the routine so as to vary 
the purge flow from Zero to the maximum possible ?oW. 
Additionally, the updates to the air-fuel ratio error estimates 
(described hereinafter) are preferably performed only When 
there is sufficient variation in the commanded air-fuel ratio 
provided to the engine cylinders. For vehicles equipped With 
a NOx trap type catalyst, the air-fuel ratio Will generally be 
sufficiently modulated during lean operation as part of the 
NOx trap purge routine. 

In step 310 of FIG. 3, the total system fuel error term, 
FuelError, is calculated as the difference betWeen the actual 
air-fuel ratio measured by the UEGO sensor 54 and the 
desired air-fuel ratio Afd, Where the difference is multiplied 
by the mass air flow signal MAF. The FuelError term 
represents the difference betWeen the fuel flow that Was 
commanded by the controller 15 and that Which Was deter 
mined from the measured fuel air ratio and mass air flow. It 
represents the total system fuel error, and it is comprised of 
error contributions from various sources. 

Next, in step 312, a fuel error model is used to estimate 
the portion of the FuelError that is associated With the fuel 
flow of the system, in particular those errors associated With 
the fuel flow through the fuel injectors. The fuel error model 
is based on model parameters that Were estimated during the 
previous iteration of the routine. In other Words, the fuel 
error model is updated every iteration of the routine, and 
during each iteration, the fuel error model is used to estimate 
or predict a fuel flow error. The estimated fuel flow error, 
EstFuelError, is calculated as the sum of model parameter 
a0, model parameter a1 multiplied by the mass air flow 
signal MAF, and model parameter a2 multiplied by the 
engine rpm signal RPM. Engine operating signals MAF and 
RPM are obtained from mass air?oW sensor 132 and engine 
speed sensor 160, respectively. The model parameters a0 
through a2 are the model parameters that Were updated 
during the previous iteration of the routine. As described 
later herein, With particular reference to step 318, the model 
parameters a0 through a2 Will be updated each time the 
routine is executed. 

Next, as shoWn in step 314, a purge volume model is used 
to estimate the portion of the purge ?oW entering engine 13 
that correlates With the engine operating signals, MAF and 
RPM, used in step 312. The purge volume model is used in 
a similar Way as the fuel error model in that the purge 
volume model is updated during each iteration of the routine 
as Will be described later herein With particular reference to 
step 318. The estimated purge volume, EstPurgeVol, is 
calculated as the sum of model parameter avo, model 
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parameter av1 multiplied by the signal MAP, and model 
parameter av2 multiplied by the signal RPM. Again, the 
model parameters av0 through av2 represent the values of 
the purge volume model parameters that Were updated 
during the previous iteration of the routine. 

In step 315, an estimated air-fuel ratio, EstAF, is calcu 
lated using an estimated air-fuel ratio model comprising the 
same engine parameter signals, MAP and RPM, used in 
steps 312 and 314 above and estimated air fuel ratio model 
parameters af0, af1 and af2. Speci?cally, the estimated air 
fuel ratio, EstAF, is calculated as the sum of model param 
eter af0, model parameter af1 multiplied by the signal MAP, 
and model parameter af2 multiplied by signal RPM. As 
before, the estimated air fuel ratio model parameters af0 
through af2 are the model parameters that Were updated 
during the previous iteration of the routine. The model 
parameters af0 through af2 are updated in step 318 With each 
execution of the routine. The estimated air fuel ratio, EstAF, 
represents an estimate of the actual air-fuel ratio in the 
exhaust system that correlates With the engine parameters 
MAP and RPM. 
At step 316, the controller 15 calculates the residual or 

remaining error, EstResFuel, that Was not explained by the 
estimated fuel error, EstFuelError, calculated in step 312 as 
the FuelError minus the EstFuelError. The controller also 
calculates the estimated residual purge ?oW volume, 
EstResVol, not explained in step 314, and the residual or 
remaining variation, EstResFA, in the fuel air ratio not 
explained in step 315. The remaining purge ?oW EstResVol 
is calculated as the PurgeVolume minus the EstPurgeVol. 
The PurgeVolume term is calculated based on a commanded 
duty cycle output to the purge valve and expected ?oW 
characteristics of the purge valve, as is Well-knoWn in the 
art. The remaining variation in the fuel air ratio, EstResFA, 
is calculated as the fuel-air ratio measured by the UEGO 
sensor 54, FuelAirRatio, minus the EstFA calculated in step 
315. The EstResFuel error and EstResVol error Will both be 
used as described later herein, With particular reference to 
step 320, to further update the total fuel error model. The 
EstResFA error Will also be used as described later herein, 
With particular reference to step 320, to further update the 
air-fuel ratio error model. The purpose of step 316 is to 
determine the portions of the various identi?ed errors that 
are residual or unexplained by the respective error models 
used in steps 312, 314 and 315. 

In step 318, the residual or unexplained errors in the 
various error models are used to update the respective model 
parameters. Speci?cally, the remaining fuel error, EstResFA, 
is used to update the fuel error model, the remaining purge 
volume, EstResVol, is used to update the purge volume 
model and the remaining variation in the fuel air ratio, 
EstResFA, is used to update the estimated fuel air ratio 
model. This is done using tWo techniques knoWn to those 
skilled in the art as the Recursive Least Squares Method and 
Multiple Linear Regression. These methods are described in 
detail in the book titled, “Multiple Linear Regression” by 
Draper and Smith and the book titled, “Digital Control of 
Dynamic Systems”, by Franklin and PoWer. Thus, the 
parameters a0, a1, and a2 represented by the matrix AA, the 
parameters av0, av1, and av2, represented by the matrix AV, 
and the parameters af0, af1, and af2, represented by the 
matrix AF are recalculated according to the folloWing equa 
tions: 

Where: X is a matrix containing the estimated system 
parameters, Y is a matrix containing measured system 
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6 
parameters, Y=AX, and L is a gain matrix Which is 
calculated from the equation: 

Where P is the Weighted inverse sum of squares of all 
previous observed system states, Y and 0t are exponen 
tial Weighting terms related by ot=1-Y, and X‘ repre 
sents the transpose of the matrix X. In particular, With 
reference to steps 312, 314, and 315, X is a vector 
composed of a constant value of 1, MAP, and RPM. 
Matrix A represents either AA, AV or AF, and Y 
represents either FuelError, PurgeVolume, or AirFuel 
Ratio When performing the updates for the model 
parameters of steps 312, 314 and 315 respectively. 

In step 320, the EstResVol error calculated in step 316 is 
used in a model to estimate the fuel delivered from the purge 
system using a model parameter ap3 that had been updated 
during the previous iteration of the routine. Parameter ap3 is 
updated during each iteration of the routine in step 330 using 
the EstResVol and EstResFuel values according to the 
method described in step 318 herein. Similarly, the corre 
lation (EstResFA2) betWeen the air fuel ratio and purge 
volume is estimated in step 320 based on the EstResVol 
value and the previously-updated parameter af3. Parameter 
af3 is updated in step 330 during each execution of the 
routine using the method described above in connection With 
step 318 With the EstResAF and EstResVol values used as 
the Y and X vectors, respectively. 
NoW, in step 322, the model parameters used in steps 312, 

314 and 320 are combined to form a single fuel error 
correction model: 

EstFuelCorrection=A0+A 1 *MAF+A2 *RPM+A3 * EstPurgeVolume 

Where: 

A0=aa0—ap3 * av0 

A1=aa1—ap3* av1 
A2=aa2—ap3* av2 
A3=ap3 
Similarly, a single estimate of the correlated fuel air ratio 

is calculated in step 324 using the model parameters from 
steps 314, 315 and 320: 

CorrelatedFuelAir=AFO+AF1 * MAF+AF2 * RPM+ 

AF 3 * EstPurgeVolume 

Where: 

A3=aff3 
The calculations of the EstFuelCorrection and Correlated 
FuelAir terms in steps 322 and 324 take into consideration 
systematic errors associated With fuel How and purge ?oW. 

Before assigning a portion of the total system fuel error to 
the measurement errors of the UEGO sensor, the controller 
15 determines the amount of uncorrelated fuel air ratio error 
residuals (UncorrelatedFuelAir), as shoWn in step 326. The 
UncorrelatedFuelAir term is calculated by subtracting the 
CorrelatedFuelAir from step 324 from the air-fuel ratio 
measured by the UEGO sensor 54. 
As shoWn in step 328, a fuel-air ratio error model 

(FuelAirEst) is used to estimate the systematic error asso 
ciated With the UEGO sensor(s). Like the fuel error model 
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and purge volume model described hereinabove, the 
FuelAirEst model is based on a parameter aff4 that is 
estimated during the previous iteration of the routine. The 
estimated systematic UEGO error (FuelAirEst) is calculated 
using the Well-known Least Squares technique described 
hereinabove according to the following model: 

Where aff4 is a statistically-estimated parameter that cor 
relates With engine operating conditions and Wherein 
the uncorrelated fuel air error residuals calculated in 
step 326 are used as the measured system parameter Y. 
The UEGO term represents the fuel-air ratio (the 
inverse of the air-fuel ratio) measured by the UEGO 
sensor 54, normaliZed relative to the UEGO sensor’s 
knoWn fuel-air output at stoichiometry. The fuel-air 
error model is derived from the knoWn fact that the 
systematic error associated With UEGO sensors is Zero 
at stoichiometry and increases linearly as the measured 
fuel-air ratio moves aWay from stoichiometry. 

In step 330 of FIG. 3, the model parameters used in steps 
320 and 328 are updated using the Recursive Least Squares 
Method and Multiple Linear Regression techniques 
described in connection With step 318. Model parameter ap3 
is updated using the EstResVol and EstResFuel values as the 
X and Y vectors along With a P matrix associated With the 
EstResVol. Similarly, parameter af3 is updated using 
EstResVol and EstResAF as the X and Y vectors respec 
tively. 

In step 334 of FIG. 3, an updated value of the model 
parameter FuelAirEst from step 328 is used to predict the 
term FuelAirCorrection used by the routine in step 211 of 
FIG. 2. The updated FuelAirCorrection term is calculated by 
the controller 15 as the model parameter aff4 (as updated in 
step 330) multiplied by the difference betWeen one and the 
measured FuelAir value. The updated FuelAirCorrection 
term is used in step 211 of FIG. 2 to adjust the air-fuel ratio 
measured by the UEGO sensor to compensate for systematic 
errors in the UEGO sensor measurements. These errors 

result from variations in measurement outputs from one 
UEGO sensor to another, as Well from variations in the 
measurement outputs from the same UEGO sensor as it 
Wears over time. 

The disclosed invention permits systematic errors in the 
fuel control and delivery system to be detected, apportioned 
and compensated for. In particular, the present invention 
permits an appropriate portion of the total system fuel error 
to be allocated to systematic errors associated With mea 
surement outputs of UEGO sensors and for those errors to be 
compensated for When calculating a commanded air-fuel 
level to be delivered to the engine cylinders. Accordingly, 
the present invention results in, among other things, more 
ef?cient fuel control in the system. 

While preferred embodiments of the present invention 
have been described herein, it is apparent that the basic 
construction can be altered to provide other embodiments 
Which utiliZe the processes and compositions of this inven 
tion. Therefore, it Will be appreciated that the scope of this 
invention is to be de?ned by the claims appended hereto 
rather than by the speci?c embodiments that have been 
presented hereinbefore by Way of example. 
What is claimed is: 
1. An air-fuel ratio control system for an internal com 

bustion engine, comprising: 
an exhaust sensor for indicating a measured exhaust 

air-fuel ratio of exhaust gas exiting the engine; and 

8 
a controller for obtaining a measured air-fuel ratio signal 

from said sensor, calculating a fueling difference in 
response to a difference betWeen a commanded air-fuel 
ratio and said measured exhaust air-fuel ratio, and 

5 assigning a ?rst portion of said fueling difference to a 
sensor measurement error based on engine operating 
conditions, calculating a sensor correction signal based 
on said sensor measurement error, and adjusting a level 
of fuel supplied to the engine based on said sensor 
correction signal. 

2. An air-fuel ratio control system for an internal com 
bustion engine, comprising: 

an exhaust sensor that provides an output signal that 
varies across a predetermined broad air-fuel range, said 
output signal corresponding to a measured exhaust 
air-fuel ratio of exhaust gas exiting the engine; and 

a controller for obtaining a measured air-fuel ratio signal 
from said sensor, calculating a fueling difference in 
response to a difference betWeen a commanded air-fuel 
ratio and said measured exhaust air-fuel ratio, assigning 
a ?rst portion of said fueling difference to a sensor 
measurement error based on engine operating 
conditions, calculating a sensor correction signal based 
on said sensor measurement error, and adjusting a level 
of fuel supplied to the engine based on said sensor 
correction signal. 

3. The system recited in claim 2 Wherein said predeter 
mined broad range is at least tWo air/fuel ratios. 

4. A method for estimating an air-fuel measurement error 
by an exhaust gas sensor coupled to an internal combustion 
engine, comprising the steps: 

obtaining a measured air-fuel ratio signal from the sensor; 
calculating a fueling difference in response to a difference 

betWeen a commanded air-fuel ratio and a measured 
exhaust air-fuel ratio; 

allocating a ?rst portion of said fueling difference to a 
sensor measurement error based on engine operating 
conditions. 

5. The method of claim 4, further comprising the step of 
allocating at least a second portion of said fueling difference 
to a second source of systematic error based on said engine 
operating conditions. 

6. The method of claim 5, Wherein said second source of 
systematic error is selected from an estimated purge ?oW 
error and a fuel ?oW error. 

7. The method of claim 5, Wherein said engine operating 
conditions are selected from engine speed, engine air?oW, 
and purge vapor ?oW. 

8. The method of claim 5 Wherein said ?rst portion of said 
fueling difference is allocated based on a degree of statistical 
correlation betWeen said second source of systematic error 
and either said commanded air-fuel ratio or said measured 
air-fuel ratio. 

9. A method of adjusting a quantity of fuel provided to 
cylinders of an internal combustion engine, comprising the 
steps: 

obtaining a measured air-fuel ratio signal from a sensing 
device positioned to measure an air-fuel ratio in an 
exhaust stream doWnstream of the engine; 

determining a corrected air-fuel ratio signal correspond 
ing to said exhaust stream based on said measured 
air-fuel ratio signal; 

calculating a commanded fuel quantity signal based on 
said corrected air-fuel ratio signal; and 

adjusting the quantity of fuel provided to the cylinders 
based on said commanded fuel quantity signal. 

10 

25 

65 



US 6,298,840 B1 
9 

10. The method of claim 9, wherein said step of deter 
mining a corrected air-fuel signal is based on known oper 
ating characteristics of said sensing device. 

11. The method of claim 10, further comprising the step 
of calculating an air-fuel difference betWeen a commanded 
air-fuel ratio and a measured exhaust air-fuel ratio. 

12. The method of claim 11, further comprising the step 
of assigning a ?rst portion of said fueling difference to a 
sensor measurement error based on engine operating con 
ditions. 

13. The method of claim 12, Wherein said sensing device 
is an oxygen sensor. 

14. The method of claim 12, Wherein said step of deter 
mining a corrected air-fuel ratio signal comprises multiply 
ing a model parameter signal by a mathematical difference 
betWeen the inverse of said measured air-fuel ratio signal 
and a stoichiometric fuel-air ratio signal. 

15. The method of claim 14, Wherein said step of deter 
mining a corrected air-fuel ratio signal further comprises 
estimating said model parameter signal using statistical 
methods. 

16. The method of claim 15, Wherein said statistical 
methods comprise the Recursive Least Squares Method and 
Multiple Linear Regression. 

17. The method of claim 15, Wherein said step of deter 
mining a corrected air-fuel ratio signal comprises the steps: 
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calculating an air-fuel ratio error signal based on the 

mathematical difference betWeen said measured air 
fuel ratio signal and a commanded air-fuel ratio signal; 

determining an air-fuel error correlation that corresponds 
to a statistical correlation betWeen said air-fuel ratio 
error signal and at least one of said measured air-fuel 
ratio signal or said commanded air-fuel ratio signal. 

18. The method of claim 17, Wherein: 

said step of adjusting the quantity of fuel provided to the 
cylinders is further based on at least one error adjust 
ment signal other than said corrected air-fuel ratio 
signal; and 

said step of determining a corrected air-fuel ratio signal is 
further dependent upon a statistical correlation, if any, 
betWeen said air-fuel ratio error signal and said error 
adjustment signal. 

19. The method of claim 18, Wherein said error adjust 
ment signal corresponds to a purge ?oW signal associated 
With a vapor recovery system. 

20. The method of claim 18, Wherein said error adjust 
ment signal corresponds to a fuel flow error signal that 
estimates a difference betWeen a commanded fuel delivery 
level and an actual fuel delivery level in the cylinders. 

* * * * * 


